Abstract.-Dislocation internal friction observations in iron are reported with "in situ" hydrogen charging to study its influence on the kink pair formation in screw dislocations (Y peak) and its possible relation to earlier observed softening effects. Also some substructures in the hydrogen cold-work peak are revealed.
1. Introduction.-Hydrogen charging (HC) gives rise to a remarkable softening effect of high purity iron /I-6/. This softening phenomenon has been observed either by tensile test experiments during electrolytic charging /1,2/, or by tensile tests carried out at low temperature following electrolytic charging at room temperature and rapid cooling /3/. There are good reasons to believe that this softening is a result of enhanced mobility of screw dislocations /1-6/. It should be possible to test this idea by monitoring the y-peak during HC since this peak is widely accepted to be due to the kink pair generation process on screw dislocations /e.g. 7/. Internal friction (IF) experiments carried out on deformed andhydrogen doped iron /8/ so far did not retain high enough hydrogen concentrations in the y-peak range.
Another point of interest is a sometimes observed substructure in the hydrogen cold-work peak /9/.
2. Experimental.-The specimens used in this study are similar with those used in the tensile experiments in /I/. They are produced from Johnson-Matthey iron by UHV zone melting followed by hydrogen treatments. The residual resistance ratio is ranging from 2500 to 4000. The specimens are 1 mm diameter x 30 mm long bamboo-structured polycristals.
To obtain a well defined y-peak, most of the samples are deformed in a standard way, i-e. in tension by 2% at room temperature and 1% at 77 K. They are further deformed in torsion in the pendulum at various temperatures.
The apparatus is an inverted torsion pendulum equipped with an electrolytic cell around the specimen to allow HC during measurements. IF and modulus were measured -6 between 90 K and 400 K with surface strain amplitudes of 4 to 7x10 . Electrolytic HC, however, was only possible between about 170 K and 330 K.
Sulphuric acid diluted with ethanol containing 10 mg/l NaAsOZ was used mainly 2 as a charging electrolyte. Figure 1 shows the IF measured after low temperature torsional deformation in the pendulum. The peak temperature Tp shifts to higher temperature after the first heating up to 300 K, but then Tp stays fairly constant.
The peak height decreases slowly by successive annealing.
Because of the similarity in the peak temperature with other reports /e.g. 7,10/ this peak is concluded to be the so-called y-peak and it is assumed that this peak corresponds to the kink pair generation on screw dislocations.
3.2. After charging experiments. Figure 2 shows the annealing behaviour of H doped, deformed iron. Immediately after the cooling a broad peak is seen centered at about 150 K with ahejght of 5 . 6~1 0 -~. In the 2nd run the main peak splits up into 3 components: one at 142 K, the second at 160 K, and the last at 170 K. By further annealing (curve 3) the central 1 6 0 K peak grows remarkably and the peaks on both sides remain as shoulders. After annealing at 2 3 0 K the 170 K peak has grown to be the largest peak at the expense of the 160 K peak. The broad peak in curve 5 -probably two peaksreduces gradually with annealing and the higher temperature component anneals out more quickly.
Since the y-peak was not measured just before HC prior to this series, direct comparison of the peak height between the hydrogen charged state and the one without H is difficult. It can be said, however, that the peak height after HC is larger than the height which is normally obtained by similar deformation conditions without hydrogen
The annealing of the y-peak is rather fast as compared with the peak without hydrogen (cf. figure l ) , but this is not always true. The peak-temperature shift with annealing is also increased by hydrogen.
3.3.
In-situ HC experiments. In figure 3 curve 1 shows the y-pakheight immediately 2 before HC. Curve 2 was measured during HC with a current density of 210 A/m during cooling down. Ahrge peak with a height of 1 . 0 2~1 0 -~ is seen at 217 K. The irregularity at the low temperature side of this peak is probably due to a change in the electro-chemical reaction at the surface of the specimen. Curve 3 is the heating run following immediately curve 2. The peak has been shifted to a lower temperature and has also split into 2 peaks, one at 1 8 0 K and the other at 200 K. Curve 4 was measured after curve 3 with the electrolyte out and rapid cooling from 2 7 0 K. The peak is shifted to about 150 K with a shoulder at about 1 8 0 K. In this curve the y-peak is again well defined with similar height as curve I . From this figure it may be said, that the y-peak height is not changed appreciably by HC. It should be noted for the later discussion that during HC at 300 K, prior to curve 2, the IF value and by further increase of the current, the IF increases again and saturates roughly to the same level as before. Thus this behaviour is rather reversible. Curve 1 was measured at 304 K, which is approximately at the top of the "f-peak. It is seen by applying a HC current, that the IF increases remarkably with time up to 8xl0-~. The IF decreases rapidly on switching off the current and the IF level after this is smaller than before, i.e. the y-peak has decreased in height. This on-off cycle of the current is not reversible at this peak temperature, i.e. the IF value sometimes decreases gradually without switching off the current. The reason for this is not well understood at present, but the structural change, which is suggested by the decrease of the y-peal:, is probably at least partly one reason and the change in the electro-chemical reaction due to build up of contamination at the surface is the other. It is interesting to note here that the zero point shift or "self twist"
becomes very large when the IF is larger than about 6xl0-~ at the "f-peak temperature.
The quantity of this twist was not measured with time, the total amount of the twist Because of the rather unstable nature of the high IF value at the y-peak temperature, the attempt to measure the IF as a function of temperature in such a condition was not quite successful. In figure 5 such an attempt is shown. Curve 1 shows the y-peak prior to the HC. HC was started at 300 K and when the IF value saturated at about 6 x 1 6~~ the specimen was started to cool while measurement continued (curve 2). Since the temperature was changing during free decay oscillation, the scatter is rather large. In the following heating run (curve 3) a large peak appears at 210 K with a large shoulder at about 170 K and another small shoulder at about 250 K. The IF value in the y-peak temperature range has remarkably decreased probably due to the above mentioned causes. It is seen in curve 5, the back measurement after stopping the HC, that the y-peak has really become smaller and broader. It should also be noted
here that the HC current density, in this experiment, may not always be a reliable parameter to estimate the hydrogen concentration in the specimens.
4. Discussion.-4.1. The y-peak. From the study mentioned above the effect of HC on the y-peak may be summarized as follows: The peak shift due to hydrogen is not remarkable, although the shifting rate with annealing is larger with hydrogen than without hydrogen. No definite conclusion on the peak height is drawn, but there is a strong indication that the peak height is enhanced by hydrogen as seen from figure 4. Annealing behaviour of iron deformed in the standard way followed by a torsional deformation at 100 K by +0.65%, then charged with hydrogen at 270 K with a current density of 64 ~/ m~. Rapid cooling after charging (20 min to 90 K). Different curves correspond to successive runs.
